((Specifier leave this line)) SBBC Design & Material Standards, January 01, 2008 Edition, rev. 10-21-11 ECM)

SECTION 15940 (23 09 93)
SEQUENCE OF OPERATION

PART 1 GENERAL

1.1 SECTION INCLUDES

A. HVAC units and fans.

1.2 RELATED SECTIONS

A. Section 15720 - Air Handling Unit.

B. Section 15732 - Packaged Rooftop DX Air Conditioning Unit.

C. Section 15736 - Ductless Air Conditioner.

D. Section 15830 - Fans.

E. Section 15845 - Air Terminal Units.

F. Section 15900 - HVAC Instrumentation and Controls.

G. Division 16 - Electrical.

1.3 SYSTEM DESCRIPTION
A. This Section defines the manner and method by which HVAC equipment functions.  Requirements for each type of control system operation are specified.  Refer to the controls indicated on the drawings for additional information. 

1.4 SUBMITTALS

A. Submit sequence of operation under provisions of Section 01330 - Submittal Procedures.

PART 2 PRODUCTS  ## NOT USED ##
PART 3 EXECUTION

3.1 INSTALLATION

A. Install all controls to achieve the specified sequence of operation.
B. Occupied cooling thermostat setting is to be 75 Degree F.  Occupied heating thermostat setting is to be 68 Degree F.

C. Identify each control device or manual switch with a permanent, engraved, laminated plastic nameplate with maximum 1/4 inch high white characters on a black background. Affix nameplates with a silicone adhesive similar to DOW RTV.
D. Permanently mark control devices with multiple settings or positions and not identified by the equipment manufacturer with engraved nameplates in an identical manner to indicate the positions or settings.

3.2 WATER COOLED CHILLER SYSTEM

A. The chiller is to be started and stopped by the school based TAC-Andover Energy Management/Security (EM/S) system.  For additional information concerning the EM/S equipment interface and the automatic temperature control (ATC), contact the SBBC EM/S Department representative at (754) 321-4757.
B. The chiller is to start in the following sequence:

1. Lead Chilled Water Pump:  Lead chilled water pump to start.

2. Air Handling Unit:  Air handling unit to start.

3. Chiller:  Chiller to start once the chilled water and condenser water flows are proven by flow switches.

C. The condenser water pump is to start on demand upon activation of one air handling unit which will allow the cooling tower fan to start.

D. A maximum cooling tower basin condenser water temperature of 85 Degree F will be maintained by cycling the cooling tower fan.  If a direct digital control (DDC) system is provided, optimize the basin temperature based upon outdoor wet bulb temperature and the tower approach temperature in addition to the kilowatt (KW) draw of the tower fan versus the KW draw of the chiller.

E. Automatically alternate service between the chilled water and condenser water pumps. Ensure each pump is capable of delivering 100 percent of design flow.  Coordinate this work under the provisions of the pump manufacturer and applicable sections of Divisions 15 and 16.  Chiller performance will be controlled by adjustable set point temperature sensors in the primary chilled water piping to maintain a uniform chilled water temperature of 45 Degree F. 

3.3 AIR-COOLED CHILLER SYSTEM

A. The chiller is to be started and stopped by the school based TAC-Andover Energy Management/Security (EM/S) system.  For additional information concerning the EM/S equipment interface and the automatic temperature control (ATC), contact the SBBC EM/S Department representative at (754) 321-4757. 

B. The chiller is to start in the following sequence:

1. Lead Chilled Water Pump:  Lead chilled water pump to start.

2. Air Handling Unit:  Air handling unit to start.

3. Chiller:  Chiller to start once the chilled water flow is proven by flow switches.

C. Automatically alternate service between the chilled water pumps. Ensure each pump is capable of delivering 100 percent of design flow.  Coordinate this work under the provisions of the pump manufacturer and applicable sections of Divisions 15 and 16.  Chiller performance will be controlled by adjustable set point temperature sensors in the primary chilled water piping to maintain a uniform chilled water temperature of 45 Degree F.
3.4 AIR HANDLING UNIT                                                                                                     (Constant Air Volume)

A. The air handling unit is to be started and stopped by a zone on the Central Control Panel. The time schedule for enabling the system to start in the morning and shutdown in the evening will be controlled by the school based TAC-Andover Energy Management/Security (EM/S) system.
B. In the cooling mode when the building is occupied, the supply fan will run continuously and the low leakage, motor-operated outside air damper will be opened to the minimum setting to provide makeup air to replace air exhausted by the exhaust fans and to ensure positive pressure within the zone or space served.  During the unoccupied period, ensure the low leakage, motor-operated outside air damper fully closes and the supply fan will continue to run in a re-circulation mode until it is shutdown by the EM/S system at a pre-selected time.  When operating during the unoccupied period and with the exception of the custodian room exhaust fan, ensure all other exhaust fans are commanded off so as not to cause the interior space to become negatively pressurized with respect to the outdoors.

C. In the heating mode when the building is occupied, ensure the supply fan runs continuously and the low leakage, motor-operated outside air damper will be in the minimum setting to provide makeup air to replace air exhausted by the exhaust fans and to ensure positive pressure within the zone or space served. Provide the electric resistance heaters with a minimum of 5 KW stages of control. During the unoccupied period, ensure the low leakage, motor-operated outside air damper fully closes and the supply fan will continue to run in a re-circulation mode until it is shutdown by the EM/S system.

D. Provide the electric resistance heaters with a high limit temperature switch and an air flow safety switch to prevent operation when the evaporator air is not operating.

E. The pressure independent characteristic chilled water valve (PICCV) will be open to full flow whenever cooling is called for and fully closed when the face and bypass dampers are in the full coil bypass mode (face damper is closed).

F. A return air duct mounted temperature sensor will maintain the space cooling set point by modulating the face and bypass dampers.  When the temperature falls below the cooling set point and the face and bypass damper is in the full bypass mode, the duct heater will be energized to satisfy the space heating requirements.

G. Smoke detectors located upstream of the duct heater on the supply air duct of each air handling unit will signal the building fire alarm system upon sensing products of combustion.  All of the air handling units shall shutdown upon activation of any station of the fire alarm system and shall be provided with a time delay relay to allow startup after all smoke damper have reopened. Provide the smoke detectors and the interlock/shutdown electrical wiring under provisions of Division 16.

H. Should the facility be provided with an Enhanced Hurricane Protection Area (EHPA), provision will be made to shutdown the respective air handling units and fully close the low leakage, motor-operated outside air dampers when the emergency generator ventilation system is energized in those areas designated as EHPA during hurricane periods.

3.5 AIR HANDLING UNIT                                                                                                              (Variable Air  Volume)

A. The air handling unit is to be started and stopped by a zone on the Central H.O.A. Control Panel. The time schedule for enabling the system to start in the morning and shutdown in the evening will be controlled by the EM/S system.

B. In the cooling mode when the building is occupied, the supply fan will run continuously and the outside air makeup supply will be maintained at a constant volume as the unit’s supply fan is modulated to provide makeup air to replace air exhausted by the exhaust fans and to ensure positive pressure within the zone or space served.  The variable frequency drive shall modulate the fan speed by means of a duct mounted static pressure sensor installed approximately three-quarters of the duct length downstream of the VAV box.  During the unoccupied period, ensure the low leakage, motor-operated outside air damper fully closes and the supply fan will continue to run in a re-circulation mode until it is shutdown by the EM/S system at a pre-selected time.  When operating during the unoccupied period and with the exception of the custodian room exhaust fan, ensure all other exhaust fans are commanded off so as not to cause the interior space to become negatively pressurized with respect to the outdoors.

C. In the heating mode when the building is occupied, ensure the supply fan runs continuously and the low leakage, motor-operated outside air damper will be in the minimum setting to provide makeup air to replace air exhausted by the exhaust fans and to ensure positive pressure within the zone or space served. Provide the electric resistance heaters with a minimum of 5 KW stages of control. During the unoccupied period, ensure the low leakage, motor-operated outside air damper fully closes and the supply fan will continue to run in a re-circulation mode until it is shutdown by the EM/S system.

D. Ensure that the pressure independent characteristic chilled water control valve (PICCV) modulates to maintain a constant supply air temperature as sensed by the temperature sensor located in the supply air duct.

E. Ensure a static pressure sensor is located at the furthest duct runs to monitor the systems static pressure and modulate the supply fan VFD in order to maintain a constant static pressure. In single zone VAV systems, the supply fan VFD shall modulate to maintain a constant space air temperature as sensed by a duct mounted thermostat.    

F. Smoke detectors located upstream of the duct heater on the supply air duct of each air handling unit will signal the building fire alarm system upon sensing products of combustion. All of the air handling units shall shutdown, upon activation of any station of the fire alarm system and shall be provided with a time delay relay to allow startup after all smoke damper have reopened. The smoke detectors and the interlock/shutdown electrical wiring will be provided under Division 16.

G. Should the facility be provided with an Enhanced Hurricane Protection Area (EHPA), provision will be made to shutdown the respective air handling units and fully close the low leakage, motor-operated outside air dampers when the emergency generator ventilation system is energized in those areas designated as EHPA during hurricane periods.

H. Where applicable, provide the air handling unit with a time delay startup in order to allow the smoke dampers to open.
3.6 AIR TERMINAL UNITS                                                                                                         (Variable Air Volume)

A. Ensure the digital control system monitors the room temperature via a remote temperature sensor located in the neck of the return air duct immediately above the return air grille.  As the room temperature rises above the set point (adjustable), ensure the digital controller modulates the unit’s damper towards the open position until the set point is reached.  As the room temperature falls, the controller modulates the unit’s damper towards the minimum position until the set point is reached.  

B. For unit’s with electric heat, if the room temperature continues to fall after the unit’s damper reaches its minimum position, ensure the digital controller energizes and stages the unit’s electric heater. Connect all VAV unit digital controllers to the facilities EM/S Central H.O.A. Control Panel for monitoring and adjustment of the control set points.

3.7 OUTSIDE AIR PRETREATMENT UNIT 

A. During scheduled occupied periods, the 100 percent outside PTU shall be started by the SBBC EM/S System.  All override functions shall be through the local or central EM/S System.
B. The PTU shall be electrically interlocked to the air handling unit serving this zone.
C. Ensure that the PTU is interlocked by the electrical contractor to the building fire/smoke system preventing unit operation when a building alarm exists.

D. When the PTU is energized, ensure the supply fan current switch sends a signal to the EM/S system to start the temperature control sequence.  

E. When the space requires cooling during the occupied mode, ensure the outside air damper opens and be sequenced to operate and the exhaust fans run.  When the outside air damper is fully open, mechanical auxiliary contacts on the outside air damper actuator sends a signal to start the AHU supply fan.
1. The EM/S System: Capable of maintaining a cold deck temperature of 50 Degree F (adjustable).
2. Ensure a maximum limit of 62 Degree F (adjustable) be set on the discharge air temperature.
3. If the space humidity exceeds its present limit, ensure the reset function is reversed until space humidity falls to the required level.

F. Provide mechanical auxiliary contacts on the outside air damper to verify that the damper is fully open and provides an alarm if it is not opened when the facility is scheduled to be occupied.

G. Whenever the space requires cooling, ensure that the EM/S System functions to energize the cooling stages in sequence to maintain the space temperature set points based on cooling requests received from the zone temperature sensor. Ensure the cold deck temperature is able to drift to prevent short cycling of the cooling stages.

H. As an alternate design for pre-conditioning of the outside air, a cooling coil without a fan may be provided using a two position chilled water valve which shall remain open during the occupied periods.  A face and bypass damper or a bypass coil shall be provided to prevent sub-cooling of the space.

3.8 PACKAGED DX AIR CONDITIONING UNIT                                                                        (Media Center Reading Area)

A. Provide the media center reading area with seven day, 24 hour air conditioning throughout the year. Maintain room temperatures at a temperature 75 Degree F and a relative humidity of 50 percent RH at all times including unoccupied periods such as evenings, weekends and holidays.
B. During occupied periods, the areas will be served by the respective air handling unit serving that zone.  Occupied mode operation will be as stipulated above.

C. During the unoccupied periods, ensure the low leakage, motor-operated outside air damper fully closes, the AHU supply fan will continue to run in a re-circulation mode until it is shutdown by the EM/S system at a pre-selected time. Ensure an independent direct expansion (DX) air conditioning unit for cooling only automatically energizes.   This secondary DX cooling unit will be de-energized when the EM/S system restarts the primary HVAC chilled water system each day that classes are given.

D. The secondary DX cooling unit will be automatically energized and de-energized by the EM/S system at a pre-selected time. Concurrent operation of the primary HVAC chilled water system and the secondary DX cooling system is PROHIBITED.

E. Control of the outside air damper is to be maintained during occupied and unoccupied periods while the secondary cooling unit is energized.

F. Ensure a humidistat located in the media center reading area indexes the DX air conditioning unit ON if the set point of 60 percent relative humidity is exceeded.  When the humidistat is satisfied, the system returns to the OFF unoccupied mode.

3.9 PACKAGED DX AIR CONDITIONING UNIT                                                                    (EHPA Special Needs Shelter)                                                                        

A. The packaged rooftop air conditioning DX unit required for the dedicated EHPA Special Needs Shelter shall be connected to the emergency generator for a minimum of 72 hour air conditioning during and/or after a hurricane.  The unit shall be provided for cooling only. 

B. Maintain room temperature at a temperature 75 Degree F and a relative humidity of 50 percent RH at all times during this period.

C. The DX cooling unit will be automatically energized and de-energized by the EM/S system at a pre-selected time. Concurrent operation of the primary HVAC chilled water system and the secondary DX cooling system is PROHIBITED.

D. Control of the outside air damper is to be maintained during occupied and unoccupied periods. Damper shall modulate from the closed-to-partial-to fully opened position by a CO2 sensor while the DX cooling unit is energized.

E. During non-hurricane periods, ensure that the low leakage, motor-operated outside air damper fully opens when the unit is energized by the EM/S system and closed when it is de-energized.

F. In addition to being connected to or controlled by the EM/S system during the non-hurricane periods, the DX unit shall be capable of being started and stopped by a  digital thermostat. Provisions are to be made to permit operation from AUTOMATIC to OFF modes of operation and overriding of the system.

3.10 DUCTLESS AIR CONDITIONING UNIT AND/OR SPLIT SYSTEM DX UNIT                                  (Equipment Room, Telecommunication Room, Electrical Room, Kitchen Dry Storage Room & Elevator Machine Room)
A. The sole equipment room (ER), telecommunication rooms (TR), electrical rooms containing transformers of 15 KVA and greater, kitchen dry storage room and the elevator machines rooms (if applicable) shall be provided with seven day, 24 hour air conditioning throughout the year. Maintain room temperatures at a temperature 75 Degree F and a relative humidity of 50 percent RH at all times including unoccupied periods such as evenings, weekends and holidays.  
B. During occupied periods, the areas will be served by the respective chilled water system air handling unit serving that zone.  Occupied mode operation will be as stipulated above.

C. During the unoccupied periods, ensure the low leakage, motor-operated outside air damper fully closes, the supply fan will continue to run in a re-circulation mode until it is shutdown by the EM/S system at a pre-selected time.  An independent direct expansion (DX) air conditioning unit for cooling only will be automatically energized to provide cooling.
D. When the primary chilled water system is de-energized by the EM/S system at a pre-selected time, the secondary DX unit will be automatically energized and vice-versa. Concurrent operation of the primary chilled water system and the secondary DX system is PROHIBITED.

E. A wall mounted digital low voltage thermostat will cycle the compressor.

F. In existing facilities when the DX unit is not capable of being connected to or controlled by the EM/S system, a digital thermostat consisting of a seven day time switch and a reserve power feature to determine occupied and unoccupied periods of operation shall be provided to start and stop the DX unit.  Provision shall be made to permit operation from AUTOMATIC to OFF modes of operation and overriding of the system.

3.11 ROOF EXHAUSTER - GENERAL PURPOSE                                                                               (Non-Classroom Areas Such As Gymnasium, Auditorium, Etc.)
A. General exhaust fan will be started and stopped by a single zone switch on the Central H.O.A. Control Panel already dedicated to close the outside air damper of the air handling unit serving that zone.

3.12 ROOF EXHAUSTER                                                                                                                   (Flammable Storage & Science Organic/Inorganic Storage Rooms)

A. Explosion-proof upblast exhaust fan operates continuously. Provide an audible/visual alarm on the Central H.O.A. Control Panel activated by a pressure differential switch in the exhaust ductwork to indicate fan failure.

3.13 ROOF EXHAUSTER                                                                                                                (Science Classroom & Prep Area Purge Fan)

A. Explosion-proof upblast exhaust fan will be manually started and stopped by an ON/OFF wall mounted switch located behind the Teacher’s demo table.  Provide an engraved sign by the switch stating “OPERATE PURGE FAN WITH DOOR OPEN”. Provide an audible/visual alarm on the Central H.O.A. Control Panel activated by a pressure differential switch in the exhaust ductwork to indicate fan failure.

B. Purge fans are to be installed only in science classrooms containing fume hoods.
3.14 CEILING EXHAUST FAN                                                                                                              (Toilets)
A. Toilet exhaust fan will be started and stopped by a single zone switch on the Central H.O.A. Control Panel already dedicated to close the outside air damper of the air handling unit serving that zone.

3.15 CEILING EXHAUST FAN                                                                                                               (EHPA Toilets Only) 

A. Toilet exhaust fan will be started and stopped by a single zone switch on the Central H.O.A. Control Panel already dedicated to close the outside air damper of the air handling unit serving that zone.

B. In addition, group toilet fans located in the EHPA will be electrically interlocked to the emergency generator powered ventilation system so that they are energized during hurricane periods.

3.16 CEILING EXHAUST FAN                                                                                                        (Custodian Room) 

A. Custodian room exhaust fan shall be electrically interlocked to the air handler unit dedicated with that zone.
3.17 WALL EXHAUST FAN                                                                                                                              (Kiln Room)

A. Exhaust fan will be started and stopped by a wall mounted ON/OFF switch located outside the kiln room adjacent to the entry door.  Exhaust fan shall be electrically interlocked to the kiln so that the kiln does not operate unless the exhaust fan is on and running as determined by a current sensor.  

3.18 WALL EXHAUST FAN                                                                                                             (Electrical Room without Transformers Only)
A. Exhaust fan will be started and stopped by a wall mounted thermostat set at 85 Degree F. 

3.19 WALL EXHAUST FAN                                                                                                                          (Electrical Room with Transformers)

A. Each electrical room containing a transformer or multiple transformers will be provided with seven day, 24 hour air conditioning throughout the year. Maintain room temperatures at a temperature 75 Degree F and a relative humidity of 50 percent RH at all times including unoccupied periods such as evenings, weekends and holidays.

B. During occupied periods, the areas will be served by the respective chilled water system air handling unit serving that zone.  Occupied mode operation will be as stipulated above.

C. During the unoccupied periods after the primary chilled water system is de-energized by the EM/S system at a pre-selected time, the dedicated DX ductless unit will be automatically energized by a wall mounted digital low voltage thermostat on a rise in temperature exceeding 75 Degree F by and vice-versa. Concurrent operation of the primary chilled water system and the secondary DX system is PROHIBITED.

3.20 INLINE FAN                                                                                                                                               (EHPA Only with exception of the EHPA Special Needs Shelter)
A. The inline fan is to be started and stopped by a zone on the Central H.O.A. Control Panel.

B. In the ventilation mode during hurricane periods when the EHPA area is occupied, the inline supply air fan identified as HSF-1, HSF-2, etc. used to supply air to the EHPA area runs continuously and the outside air damper will be opened proportionally to provide makeup air to replace air exhausted by the inline exhaust fan identified as HEF-1, HEF-2, etc.  During non-hurricane periods, the zone switch shuts down the inline supply and exhaust fans and the outside air damper fully closes.

C. In addition, inline supply and exhaust fans located in the EHPA will be electrically interlocked to the emergency generator powered ventilation system so that they are energized during hurricane periods.

3.21 ELECTRIC WATER HEATERS

A. Electric water heaters are to be wired to and controlled by the SBBC Energy Management/Security (EM/S) System for ON/OFF operation so that they operate only during occupied periods.
B.
 Water heaters shall be programmed to preheat the water prior to usage.
3.22 DISPLAY OF SEQUENCE OF OPERATION

A. Submit for approval after installation and demonstrations are complete, a simplified sequence of operation geared to a non-technical individual of high school education explaining system operation and corresponding to actual devices.  Upon approval by Owner, mount one copy of Sequence of Operation behind plexiglass or lexan adjacent to the primary control panel location.  
END OF SECTION
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